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Abstract: An overview is presented of the scorpion fauna of the Loky-Manambato (Daraina) region of northeastern Madagascar. 
Different scorpion taxa have been recently described from this area, belonging to four families, five genera and five species (with 
four microendemics). The preliminary results make the Loky-Manambato region one of the areas of the island with the highest level 
of diversity and endemism. Information is presented on the characters used to differentiate these species, including an identification 
key, and aspects of their ecology. Even given the remarkable level of habitat heterogeneity across the Loky-Manambato region, for 
the majority of locally occurring taxa there does not seem to be a close correlation between different aspects of soil composition and 
organic material relative to their distribution. 
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Sinopsis de la fauna de escorpiones de la region de Loky-Manambato (Daraina), en Madagascar 
Resumen: Se presenta una vision general de la fauna de escorpiones de la region Loky-Manambato (Daraina), en el noreste 
de Madagascar. Se han descrito recientemente de esta zona diferentes taxones de escorpiones, pertenecientes a cuatro 
familias, cinco generos y cinco especies (cuatro microendemicas). Los resultados preliminares hacen de la region Loky- 
Manambato una de las zonas de la isla donde la fauna de escorpiones muestra un nivel de diversidad y endemismo mas alto. 
Se presenta informacion sobre los caracteres utilizados para diferenciar estas especies, incluyendo una clave de identificacion, 
y comentarios sobre aspectos de su ecologia. Incluso teniendo en cuenta el notable nivel de la heterogeneidad del habitat en 
la region Loky-Manambato, para la mayoria de los taxones locales no parece haber una correlacion estrecha entre los 
diferentes aspectos de la composicion del suelo y el material organico con respecto a su distribution. 

Palabras clave: Scorpiones, diversidad, endemismo, Madagascar, Loky-Manambato. 

Un resume de la faune de scorpions de la region Loky-Manambato (Daraina), a Madagascar 

Resume: Madagascar est parmi les regions du monde qui presentent une des plus grandes diversites biologiques. Pour 
comprendre cette diversity, les modeles biogeographiques presentes par differents groupes de scorpions ont ete et continuent a 
etre analyses. Malgre une certaine variability des modeles observes, certaines parties de I’Tle, notamment les regions sud, sud-est 
et nord, affichent un endemisme tres eleve. Cependant, d’apres une majority des resultats obtenus jusqu’a present, le nord de I’Tle 
apparaTt comme un probable epicentre de diversity et endemisme. 

Les etudes sur les scorpions malgaches ont debute des la premiere moitie du 19 eme siecle, et ont connu une certaine apogee entre 
1890 et 1900. Malgre cela, c’est seulement depuis une quinzaine d’annees que des inventaires methodiques, suivis d’un nombre 
important de publications, ont ete realises. La collecte de plusieurs centaines, voire de plusieurs milliers de scorpions depuis le de¬ 
but des annees 1990 a permis un progres considerable des connaissances sur cette faune de scorpions, avec une augmentation 
du nombre d’especes connues de pres de 500%. 

La region de Loky-Manambato est un tres bon exemple du progres des connaissances des faunes regionales des scorpions a 
Madagascar. Les tous premiers specimens de scorpions de cette region n’ont ete collectes que depuis peu, et les resultats ont ete 
publies depuis 2002-2003. A present, les premieres syntheses montrent que cette region presente une richesse importante en 
especes micro-endemiques. Parmi les nouvelles especes decrites de la region de Loky-Manambato la plus remarquable est 
Heteroscorpion magnus Lourengo & Goodman, 2002. Cette espece de pres de 20 cm de long est le plus grand scorpion jamais 
trouve a Madagascar, et un des plus grands trouve dans le monde depuis un demi-siecle. 

Six taxons distincts ont ete decris depuis 2002 pour cette region malgache et appartiennent a quatre families, cinq genres et six 
especes. Bien que preliminaires, ces resultats attestent que la region de Loky-Manambato presente un des taux les plus eleves de 
diversity et d’endemisme a Madagascar, en ce qui concerne la faune des scorpions. Dans la presente synopse, des ties 
d’identification sont egalement proposee pour les six especes. 

Mots-cles: Scorpiones, diversity, endemisme, Madagascar, Loky-Manambato. 


Introduction 

Madagascar is one of the most biologically diverse regions on 
Earth for scorpions (Lourengo, 2003a,b, 2005) and certain 
areas of the island exhibit especially high diversity and 
microendemism. The southwestern and northern portions 
have been shown to be exceptionally species rich and in par¬ 
ticular, the northern region has been considered a possible 
epicenter of scorpion diversity (Lourengo, 2003a, b, 2005). 

Studies on Malagasy scorpions started in first half of the 
19 th -century, and knew a certain apogee between 1890 and 
1900, when several taxa new to science were described. Since 


1994, an important number of new taxa have been discovered 
and named for the Malagasy scorpion fauna. These different 
studies lead to a remarkable increase in taxonomic, biogeo¬ 
graphic, and faunistic information on these animals. Continu¬ 
ing field inventories on Madagascar, which have included the 
collection of hundreds of scorpion specimens since the publi¬ 
cation of a monograph providing a synopsis of the island’s 
fauna (Lourengo, 1996), lead to considerable progress, and 
measures of species richness have increased by almost 500% 
since 1994. 


47 



The region of Loky-Manambato is a perfect example of 
this growth in knowledge on regional scorpion faunas of 
Madagascar, as only a few years ago not a single specimen 
had been collected in this area, and now the fauna is known to 
be rich in microendemic species. The first papers on the scor¬ 
pions of this zone were published by Lourengo & Goodman 
(2002) and Lourengo et al. (2003). Amongst the new species 
found in the Loky-Manambato region, the most remarkable is 
Heteroscorpion magnus Lourengo & Goodman, 2002, the 
largest species known from the island, or for that matter des¬ 
cribed in the world for over one-half century. 

Methods 

Scorpion specimens were collected during biological invento¬ 
ries conducted in the Loky-Manambato region by several 
different research teams. Considerable collections were made, 
which were sent to the first author for taxonomic identifica¬ 
tion. Three principal techniques were used: (i) leaf litter sam¬ 
pling and associated Winkler extractions, (ii) 151 pitfall traps, 
and (iii) random searching under rocks, in dead wood, and in 
crevices along cliff faces and areas of exposed rock. All sam¬ 
pling was conducted in natural forest habitats and no infor¬ 
mation is available on the scorpion fauna occurring in the 
local anthropogenic pseudo-steppe areas. 

For the different scorpion species known from the 
Loky-Manambato region, only summary diagnoses are pro¬ 
posed in this chapter. The full species descriptions, illustra¬ 
tions, and morphometric values are presented in the various 
cited papers describing these taxa. For definitions of different 
morphological characters, the reader is referred to Hjelle 
(1990); cheliceral dentition and trichobothrial patterns are 
defined after Vachon (1963, 1974, 1975). Illustrations pre¬ 
sented herein are limited to the characters necessary for the 
identification of the different species. Some details are also 
presented on the ecology of the different scorpions of the 
region, including habitat notes associated with specimens. 

At all of the different localities within the Loky- 
Manambato region inventoried for small mammals, reptiles, 
and amphibians, soil collections were made near the first 
bucket of the three different pit-fall lines installed at each 
site. Analyses of these samples for soil characteristics and 
carbon/nitrogen ratios (C/N) were conducted in the 
Taboratoire de FEcole Superieure des Sciences Agrono- 
miques de l’Universite d’Antananarivo’. See Rakoton- 
dravony (2006) for specific details on techniques and the 
results of these tests. 

Scorpions known from the Loky-Manambato region 


Family Buthidae C. L. Koch, 1837 


Genus Grosphus Simon, 1880 

Grosphus darainensis Lourengo, Goodman & Ramilijaona, 
2004 (Fig. 1-5) 

This species is only known from the male holotype, which 
was collected in the Province d’Antsiranana, Foret de Boban- 
kora, east side, 12kmE SEofDaraina, 13°12.7’S,49°46.3’E, 
100-350 m, X/2002-III/2003 (M. Raheriarisena & H. A. Ra- 
kotondravony). 

Diagnosis. Species related to the Grosphus madagascarien- 
sis/G. hirtus group. Medium size with a total length of 50 


mm. Coloration yellowish to reddish yellow with some dis¬ 
crete dark zones on the body. Carapace yellowish with an 
inverted slightly dark triangular zone between median and 
lateral eyes. Chelicerae yellowish with dark variegated pig¬ 
mentation. Carapace moderately granular; anterior margin 
almost straight, with a weak median concavity. Pectines: 
pectinal teeth count 18-17. Metasomal segments with 10-10- 
8-8-5 carinae. Segment I as long as wide. Dorsal carinae on 
segments II to IV with one small posterior spinoid granule. 
Telson with subaculear tooth absent. Cheliceral dentition with 
two distinct basal teeth present on the movable finger. Pedi- 
palp-chela fingers with 12-13 oblique rows of granules. Tri- 
chobothriotaxy; orthobothriotaxy A-a (alpha). 
Geographical distribution. This species is only known 
from the ‘Foret de Bobankora’, an isolated forest block in the 
south central portion of this region and just to the north of the 
Manambato River. It was collected within an elevational 
range between 100 and 350 m. 

ECOLOGY. The specimen of Grosphus darainensis was found 
in a portion of the Loky-Manambato region with exceptional 
ecological heterogeneity associated with different parameters 
- elevation, aspect, soil type, and distance to the sea. Within 
this zone, in a distance of less than a few kilometers, there are 
pronounced shifts between forest formations typical of wes¬ 
tern dry deciduous forests and eastern humid forests. The 
remaining forests of Bobankora are extensively reduced in 
size and fragmented. The specific site where the holotype of 
G. darainensis was collected is composed of lowland dry 
deciduous forest that is relatively intact. The soils of the por¬ 
tion of the Bobankora Forest are dominated by calcareous 
elements, with a C/N ratio that indicates poorly decomposed 
organic material (Table I). 

Grosphus goudoti Lourengo & Goodman, 2006 (Fig. 6-12) 
This species is known from the male holotype, which was 
collected in the Province d’Antsiranana, Foret de Bobankora, 
Site 2, 11 km E of Daraina, 13°13.414’S, 49°45.586’E, 350- 
550 m, X/2002-III/2003 (M. Raheriarisena & H. A. Rakoton- 
dravony) and some supplementary material recently collected 
in Province d’Antsiranana, Ampondrobe, 41.1 km 175° Vo- 
hemar, 13°4292’S, 50°0610’E, 10 m, 29/XI - l/XII/2004, 
littoral rainforest (B. L. Fisher)-11097: 17 males, 7 females 
(California Academy of Sciences, San Francisco). 
DIAGNOSIS. Species related to the Grosphus madagascarien- 
sis/G. hirtus group. Medium to large size with a total length 
of 55 to 65 mm. General coloration reddish-brown to dark 
brown; carapace with one inverted black triangle stretching 
from the lateral eyes to the median eyes. Coloration reddish- 
brown to dark-brown. Chelicerae reddish-yellow with dark 
variegated pigmentation over the entire surface. Carapace 
covered with a thin but intense granulation; anterior margin 
almost straight. Pectines with 19 to 22 teeth in males, 17 to 19 
in females; basal middle lamellae of female pectines dilated 
and with an semi-oval shape. Metasomal segments with 10- 
10-8-8-5 carinae. Segments I to V longer than wide. Dorsal 
carinae on segments II to IV without any posterior spinoid 
granules. Telson with a vestigial subaculear tooth. Cheliceral 
dentition with two distinct basal teeth present on the movable 
finger. Pedipalp-chela fingers with 11 to 12 oblique rows of 
granules. Trichobothriotaxy; orthobothriotaxy A-a (alpha). 
Geographical distribution. Originally only known from 
the type locality: Province d’Antsiranana, Foret de Boban- 
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Table I. Physical characteristics and aspects of carbon and nitrogen contents of soils 
coming from the Loky-Manambato region in zones scorpions were obtained. 


Sites (n=number 
of specimens) 

Sand % 

Clay % 

Lime % 

C% 

N % 

C/N a 

Species scorpions 

Binara (n=4) 215-610 m 

59.5 

12.1 

20.4 

2.58 

0.17 

16.11 

Titybuthus darainensis 
Microcharmus variegatus 
Heteroscorpion magnus 

Binara (n=8) 720-950 m 

57.8 

10.0 

25.5 

2.39 

0.17 

14.92 

Titybuthus darainensis 
Microcharmus variegatus 

Bekaraoka (n=2) 140-150 m 

18.7 

12.4 

67.2 

3.31 

0.25 

13.41 

Microcharmus variegatus 
Opisthacanthus darainensis 

Ambilondambo (n=3) 400-540 m 

63.4 

6.9 

22.8 

3.18 

0.20 

16.39 

Heteroscorpion magnus 

Tsarahitsaka (n=3) 360-380 m 

60.5 

6.4 

29.5 

1.91 

0.12 

17.16 

Heteroscorpion magnus 

Bobankora (n=5) 130-210 m 

29.8 

15.5 

51.5 

1.93 

0.12 

17.22 

Grosphus darainensis 

Bobankora (n=3) 380-520 m 

47.5 

7.8 

41.4 

2.22 

0.12 

18.76 

Grosphus goudoti 

Antsahabe (n=6) 480-600 m 

59.1 

5.7 

29.3 

2.44 

0.12 

20.05 

Microcharmus variegatus 

Ampondrabe (n=2) 80-260 m 

45.6 

9.2 

42.6 

2.43 

0.16 

21.07 

Microcharmus variegatus 
Opisthacanthus darainensis 

Sahaka (n=3) 30-30 m 

81.6 

3.8 

11.3 

0.34 

0.05 

7.30 

Microcharmus variegatus 


a We have adapted the system of C/N ratios of less than 8 as representative of soils with very low organic material reserves, those between 11 
and 16 as having already decomposed organic material, and those greater than 16 as having non-decomposed organic material. 


kora, Site 2, 11 kmE ofDaraina, 13°13.414’S, 49°45.586’E 
and now known from the littoral forest of Ampondrobe. 
ECOLOGY. The type specimen was obtained in the Bobankora 
Forest to the east ofDaraina (village). The lower portion of 
this massif, until 350 m, has dry deciduous forest, and the 
middle to upper section, 350 to 607 m, has a mixed deciduous 
and humid forest. The type series was obtained in the transi¬ 
tional forest between 350 and 550 m. The soils of this portion 
of the massif are composed of nearly equal portions of sand 
and lime, and with a C/N ratio that indicates poorly decom¬ 
posed organic material (Table I). Interestingly, G. darainensis 
is known from this same massif, but in the zone from 100-350 
m. Grosphus goudoti was obtained from a site with a notably 
different biotope. Here the forest rests on sand and is virtually 
at sea level. The sites of Bobankora and Ampondrobe are 
approximately 25 km from one another (Fourengo & Good¬ 
man, 2006a). 

Genus Tityobuthus Pocock, 1893 

Tityobuthus darainensis Fourengo & Goodman, 2002 (Fig. 
13-20) 

Tityobuthus darainensis was named based on a female speci¬ 
men collected in the Province d’Antsiranana, Foret de Binara, 
near the Analamazava River, 7.5 km southwest ofDaraina, 
13°15.3’S, 40°37.0’E, 325-600 m (S. M. Goodman) in a fo¬ 
rest type dominated by eastern humid lowland elements and 
with some plants of dry deciduous forest. Subsequently, a 
male specimen was described (Fourengo, 2006), collected in 
the Foret de Binara, Site d’Andohan’Analamazava, 3.8 km of 
Ankijabe, 13°15’40”S, 49°36’06”E. 850 m, X/2003 (M. 
Raheriarisena & H. A. Rakotondravony). This later locality is 
within a short distance of the original collection site. 
Diagnosis. Species of large size (with respect to the genus) 
with a total length of 27 mm for the male and 35 for the fe¬ 
male. Coloration yellowish symmetrically marbled with dark 
reddish brown, giving an overall spotted appearance. 
Mesosoma yellowish, with four longitudinal brown stripes. 


Chelicerae yellowish, with dark spots on the anterior margin 
at the base of fingers. Carapace moderately to weakly granu¬ 
lar; anterior margin with a moderately pronounced median 
concavity, forming a weak angle. Pectines: pectinal tooth 
count 17-18 in female, 16-16 in male; basal middle lamellae 
not dilated; fulcra present. Stemite V without any smooth or 
bright zone on posterior edge. Metasomal segments with 10- 
10-10-8-5 carinae. Telson smooth with a subaculear tooth 
strong and spinoid. Cheliceral dentition with basal teeth of 
movable fingers reduced and of same size. Pedipalp-patella 
with seven spinoid granules on internal face. Pedipalp-chela 
fingers with 8-9 oblique rows of granules. Trichobothriotaxy; 
orthobothriotaxy A-a (alpha). 

Geographical distribution. This species is only known 
from forested zones on the northern slopes of the Binara Mas¬ 
sif, spanning the elevational range from 325-850 m. 
Ecology. The two sites this taxon is known from are on the 
slopes of the Binara Massif. The first site, near the Ana¬ 
lamazava River (325-600 m), is an ecotonal zone between 
humid and dry deciduous formations, and the second site, 
Andohan’Analamazava (850 m), is at the headwaters of the 
Analamazava River and with distinctly more humid forest. 
Hence, this species has an elevational distribution that spans 
different vegetational communities. In both the zones on the 
massif where T. darainensis has been found, from 230-610 m 
and 720-950 m, there is little elevational variation in soil 
qualities, and they are predominantly sandy, with a moderate 
percentage of calcareous elements, and relatively little lateri- 
tic content. In both these zones, there is some soil litter and 
the soils have decomposed organic material (Table I). From a 
biogeographic perspective, the Binara Massif is in direct 
contact with the Sorata Ridge from the Tsaratanana complex, 
composed of the tallest mountain on the island, and this ridge 
may have been an important colonization source for the hu¬ 
mid forest biota of this portion of the Foky-Manambato re¬ 
gion. 
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Family Microcharmidae Lourengo, 1996 


Genus Microcharmus Lourengo, 1995 

Microcharmus variegatus Lourengo, Goodman & Fisher, 
2006 (Fig. 21-23) 

Although most species of Microcharmus can be considered as 
rare or at least difficult to collect (Lourengo et al ., 2006), M. 
variegatus was described on the basis of a substantial number 
of specimens from the Loky-Manambato region, rendering 
this species, the most common in the genus with regards to 
available material. Known localities for M. variegatus in¬ 
clude: Province d’Antsiranana, Foret d’Analabe (Sahaka), 30 
km 72° ENE Daraina, 30 m, 13°05W’S, 49°54’5”E, littoral 
forest, sifted litter, leaf mold, rotten wood, 27-29/XI/2003 (B. 
L. Fisher et al .), one female holotype and various paratypes. 
Foret d’Ampondrabe, 26.3 km 10° NNE Daraina, 175 m, 
12°58’ 12”S, 49°42’00” E, tropical dry forest, sifted litter, leaf 
mold, rotten wood, 10/XII/2003 (B. L. Fisher et al .), one 
female paratype. Foret de Bekaraoka, 6.8 km 60° ENE 
Daraina, 150 m, 13°10’00”S,49 o 42’36”E, tropical dry forest, 
sifted litter, leaf mold rotten wood, 7/XII/2003 (B. L. Fisher et 
al .), one male, one female, three juvenile paratypes. Foret de 
Binara, 7.5 km 230° SW Daraina, 375 m, 13°15’18”S, 
49°37’00”E, semi-deciduous tropical forest, pitfall trap, 
l/XII/2003 (B. L. Fisher et al .), two male paratypes. Foret de 
Binara, 7.5 km 230° SW Daraina, 375 m, 13°15’18”S, 
49°37’00”E, semi-deciduous tropical forest, sifted litter, leaf 
mold, rotten wood, l/XII/2003 (B. L. Fisher et al .), one fe¬ 
male paratype. Foret de Binara, 9.4 km 235° SW Daraina, 
1100 m, 13°15’48”S, 49°36’00”E, montane rainforest, sifted 
litter mold, rotten wood, 5/XII/2003 (B. L. Fisher), one male 
paratype. Foret d’Antsahabe, 11.4 km 275° W, Daraina, 550 
m, 13°13’7”S, 49°33’4”E, tropical dry forest, sifted litter, leaf 
mold, rotten wood, 12-14/XII/2003 (B. L. Fisher et al .), 1 
male paratype. 

Diagnosis. Scorpions of average size when compared with 
most species of the genus Microcharmus , up to 12.9 mm total 
length in males and 17.8 mm in females. Coloration, yellow¬ 
ish to reddish-yellow with dark variegated spots over the body 
and appendages. Pedipalp femur and patella intensely marked 
with dark spots, except on the zones where trichobothria are 
inserted. Chelicerae yellowish with variegated spots on the 
lateral margins and base of the fingers. Carapace with mode¬ 
rate granulation; anterior margin with a weak concavity, al¬ 
most straight. Sternum pentagonal. Pectinal tooth count 12-12 
for males and 11 -11 for females; basal middle lamellae of the 
pectines not dilated; fulcra absent. Stemites with semi-oval 
spiracles. Metasomal segments with 10-10-10-8-5 carinae. 
Telson with a very elongated pear-shaped structure, smooth 
with strong setation; aculeus short and weakly curved; 
subaculear tooth absent. Cheliceral dentition of fixed finger 
with two strong basal teeth; movable finger with two very 
weak but fused basal teeth. Pedipalp-patella with four to five 
spinoid granules; pedipalp-chela fingers with 6-7 linear rows 
of granules; extremity of fingers with one long and sharp 
denticle. Trichobothriotaxy; orthobothriotaxy A-a (alpha). 
Geographic distribution. This species has been recorded 
in the littoral forests of Analabe (Sahaka) at 30 m; in the dry 
deciduous formations of the Foret d’Ampondrabe and Foret 
de Bekaraoka at elevations between 150-175 m, and in more 
slightly upland formation of Foret d’Antsahabe at 550 m; and 
along the gradient in the Foret de Binara from transitional 


semi-deciduous/humid formations at around 375 m to distinc¬ 
tly more montane conditions at 1100 m. 

ECOLOGY. Microcharmus variegatus is only known from 
forested zones in the Loky-Manambato region. This includes 
several different localities and natural habitats in the zone, 
ranging from littoral forest at Sahaka near sea level, to low¬ 
land dry forest at Ampondrabe at 175 m, to the montane forest 
of Binara at 1100 m. Ecologically these different habitats are 
within relatively short distances from one another but have 
very different bioclimatic aspects associated with distance 
from the sea, topography, orography, and geology (See 
Lourengo et al. [2006] for further discussion about these 
points). The majority of specimens came from leaf litter sam¬ 
ples, and not a single one was obtained from the vertebrate 
pitfall buckets. This presumably indicates that this taxon 
rarely ventures on the soil surface and is truly humicolous. 

Associated with the broad ecological distribution of this 
species in the Loky-Manambato region, there is also no clear 
preference for specific soil types. Three different contrasting 
examples are presented here (Table I): in the Sahaka Forest it 
is found in zones with soils predominantly of a sandy nature 
and with very low reserves of organic material; in the 
Bekaraoka Forest at sites mostly with calcareous soils and 
already decomposed organic material; and in the Binara and 
Antsahabe Forests in largely sandy soils, but with a signifi¬ 
cant proportion of calcareous content, and with relatively well 
decomposed to poorly decomposed organic material. 


Family Heteroscorpionidae Kraepelin, 1905 


Genus Heteroscorpion Birula, 1903 

Heteroscorpion magnus Lourengo & Goodman, 2002 (Fig. 
24-25,32-35) 

Despite its very large size, with males reaching 185 mm in 
length, Heteroscorpion magnus had not been collected before 
recent inventory work in the Loky-Manambato region. Seve¬ 
ral specimens were obtained and the diagnoses of this species 
were based on a series of males and females (Lourengo & 
Goodman, 2002; Lourengo et al ., 2003). Known specimens 
were obtained at: Province d’Antsiranana, Foret de Binara, 
near Analamazava River, 7.5 km southwest of Daraina, 
13°15.3’S, 40°37.0’E, 325-600 m (S. M. Goodman). The 
female holotype, three females, and two male-juveniles (all 
paratypes), were collected in eastern humid lowland forest, 
disturbed by cattle, with some elements of dry forest; these 
were found during the day under rocks. One female and two 
males (also paratypes) were collected in undisturbed eastern 
humid lowland forest with some elements of dry forest; these 
were found during the day under rocks along a riverbed. Foret 
de Binara, Site Beamosy, a 2.5 km NNW du village 
d’Ankijabe, 13°14.3’S, 49°37.5’E, 215 m (MR 0154). One 
juvenile female. Foret d’Ambilondambo, Site d’Andrafia, a 5 
km N de Daraina, 13°09.853’S, 49°38.871’E, 300-550 m 
(MR 0343,0346,0347). Two juvenile males and one juvenile 
female. Foret de Tsarahitsaka, a 7,7 km NW de Daraina, 
13°08.929’S, 49°37.402’E, 250-450 m (MR 0367, 0368). 
Two males. 

Diagnosis. Scorpions of large size, with adult females rea¬ 
ching 145 mm and males 185 mm. Sexual dimorphism strong¬ 
ly marked, mainly by the allometric growth shown in males. 
Coloration reddish-brown. Carapace with some blackish 
nearby the eyes. Chelicerae reddish with some variegated 
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dark spots that are masked by the dark coloration. Legs red¬ 
dish-brown, with tarsi yellowish. Morphology. Anterior mar¬ 
gin of carapace with a strongly pronounced concavity; two 
pairs of lateral eyes. Sternum pentagonal, higher than wider. 
Pectines: pectinal tooth count 8 to 14 in females and 11 to 15 
in males; fulcra fused with median lamellae. Metasoma with 
all segments strongly flattened laterally. Carinae smooth on 
segment I, granular on segments II-V; granulation becomes 
spiniform on segments III-V; dorsal and ventral surfaces of 
segment V with a strong spinoid granulation. Telson weakly 
elongated with strongly marked spinoid granules; aculeus 
very short and strongly curved. Cheliceral dentition with two 
subdistal teeth and a basal tooth on movable finger. Pedipalp- 
patella with a very strong apophysis on the internal aspect. 
Dentate margin on fingers with numerous granules randomly 
arranged on their basal 2/3, and forming two vestigial parallel 
series of granules on its distal portion. Movable fingers with a 
strong proximal apophysis. Trichobothriotaxy of type C; 
neobothiotaxic + (plethotaxic); patella with 14-19 ventral and 
31-41 external trichobothria; chela with 12-15 ventral 
trichobothria. Hemispermatophore as in Figure 34. 
Geographical distribution. This species is known from 
three different sites in the Loky-Manambato region within the 
central and southern portion of the zone (Foret de Binara, 
Foret d’Ambilondambo, and Foret de Tsarahitsaka) and 
across an elevational range of 215-600 m. 

ECOLOGY. About two-thirds of the known specimens of 
Heteroscorpion magnus where obtained in the lower eleva¬ 
tions and more deciduous portion of the Binara Forest, bet¬ 
ween 215 and 600 m. The vast majority of these animals 
where found in the narrow fissures between layers of splin¬ 
tered exposed standing rock, making it a lithophilic species 
(sensu Prendini, 2001). In many cases a thin layer of soil and 
other organic material had been deposited in these crevices, 
and virtually all, excluding two individuals, were solitary. 
With regards to habitat specifications, animals were found in 
relatively intact forest settings and in secondary forests that 
had been disturbed by tree extraction and cattle browsing. The 
other two sites this taxon is known from include Foret 
d’Ambilondambo, between 300-550 m, which is composed of 
dry deciduous forest with some humid forest elements, and 
the Foret de Tsarahitsaka, between 250-450 m, dominated by 
dense dry forest. In all of the sites this species occurs, the 
soils are composed of slightly more than one-half of sand, 
one-third to one-quarter lime, and with low clay content (Ta¬ 
ble I). Further, the C/N ratio of these soils is greater than 16, 
indicating poorly decomposed organic material. 


Family Liocheiidae Fet & Bechiy 2001 


Genus Opisthacanthus Peters, 1861 

Subgenus Monodopisthacanthus Lourenco, 2001 

Opisthacanthus darainensis Lourenco & Goodman, 2006 
(Fig. 26-29, 36-44) 

Opisthacanthus darainensis was described on the basis of a 
long series of specimens from the following localities: 
Antsiranana Province, Foret de Bekaraoka, 6.8 km 60° ENE 
Daraina, 13°11 W’S, 49°42’36”E, 150 m, 7/XII/2003 (B. L. 
Fisher), general collecting, tropical dry forest. One male 
holotype, 18 males paratypes, 21 females paratypes; Ant¬ 
siranana Province, Foret d’Ampondrabe, 26.3 km 10° NNE 
Daraina, 12°58’12”S,49°42’00”E, 175 m, 10/XII/2003 (B. L. 


Fisher), tropical dry forest. Twenty males, 12 females 
paratypes; Antsiranana Province, Reserve Speciale d’Ana- 
lamerana, 28.4 km 99° Anivorano-Nord, 12°44.80’S, 49° 
29.69’E, 60 m, 5-7/XII/2004 (B. L. Fisher), tropical dry fo¬ 
rest. Twelve males, 10 females paratypes; Antsiranana Pro¬ 
vince, Reserve Speciale d’Analamerana, 16.7 km 123° 
Anivorano-Nord, 12°48.3’S, 49°22.4’E, 225 m, 2-5/XII/2004 
(B. L. Fisher), tropical dry forest. Ten males, 18 females 
paratypes. 

Diagnosis. Medium to small size scorpions: average total 
length in males is 39 mm and females 43 mm. Coloration 
reddish-brown to dark brown, with some blackish zones on 
the pedipalp carinae. Carapace reddish-brown with a paler 
zone on the posterior edge. Chelicerae reddish-brown; the 
whole surface with diffuse variegated dark spots. Carapace 
smooth with intense punctuation. Anterior margin with a 
strong concavity reaching as far as the level of the 2nd lateral 
eye; three pairs of large lateral eyes. Sternum pentagonal, 
wider than long. Genital operculum formed by two semi-oval 
plates in males, and one single large, almost oval-like shaped 
plate in females. Pectinal tooth count 5-7 teeth in males and 
females; mode 6 in males and females. Carinae weakly 
marked in metasomal segments I-IV; segment V slightly 
rounded with spinoids granules. Telson with a pear-like 
shape; smooth and covered with strong chetotaxy. Dentate 
margin of pedipalp-chela fingers forming two parallel series 
of granules. Chelicerae with teeth sharp. Trichobothriotaxy 
type C; orthobothriotaxic. Hemispermatophore as in Figure 44 
with the distal lamina short and weakly enlarged. 
Geographical distribution. This species has been collec¬ 
ted at two different sites within the Loky-Manamabato region, 
including Ampondrabe in the north and Bekaraoka in the 
central area, and across a narrow elevational range from 150- 
175 m. Further, it is known from the Reserve Speciale 
d’Analamerana, a limestone area some 25 km to the north of 
the northern limit of the Loky-Manambato Region; the sedi¬ 
mentary zone of the Andrafiamena Mountains separates the 
Loky-Manambato and Analamerana regions (Lourengo & 
Goodman, 2006b). 

Ecology. Opisthacanthus darainensis has a restricted range 
in the Loky-Manambato region, where it is only known from 
dry deciduous formations including the Foret de Bekaraoka 
and the Foret d’Ampondrabe between 150 and 175 m. These 
two sites have soils with a considerable amount of calcareous 
material, which is the dominant component at Bekaraoka and 
with nearly equal portions of sand at Ampondrabe (Table I). 
The C/N ratio of the soils at Bekaraoka indicates already 
decomposed organic material and that of Ampondrabe as very 
poorly decomposed organic material. 

Key to the scorpion species found in the Loky- 
Manambato Region 

1. Scorpions without trichobothria in the ventral aspect of 

patella (fig. 11, 12).2 

- Scorpions with trichobothria in the ventral aspect of patel¬ 
la (fig. 33,38).5 

2. Sternum with a triangular shape; dentate margin of 
pedipalp-chela fingers with 11-13 rows of granules (fig.3) 
.3 

- Sternum semi-triangular or pentagonal; dentate margin of 

pedipalp-chela fingers with 6 to 9 rows of granules (fig. 
15,21) .4 
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3. Dorsal carinae on segments II-IV with a posterior spinoid 

granule; male pectines with 17-18 teeth (fig. 4). 

. Grosphus darainensis 

- Dorsal carinae on segments II-IV without any posterior 

granule; male pectines with 19-22 teeth (fig. 6). 

. Grosphus goudoti 

4. Pectinal tooth count 16-18; subaculear tooth strong (fig. 

19, 20). Tityobuthus darainensis 

- Pectinal tooth count 11-12; subaculear tooth absent (fig. 

22, 23). Microcharmus variegatus 

5. Two lateral eyes; 14-19 ventral trichobothria on patella; 

pectinal tooth count 8-15 (fig. 30, 33). 

. Heteroscorpion magnus 

- Three lateral eyes; 3 ventral trichobothria on patella; 

pectinal tooth count 5-7 (fig. 31, 38). 

. Opisthacanthus darainensis 

Discussion 

As mentioned in the introduction, considerable progress has 
been made in the past 17 years in documenting patterns of 
scorpion species diversity on Madagascar. On the basis of 
current information, several sites across the island in different 
biotopes are sufficiently well documented for the local scor¬ 
pion fauna to start to make comparisons between levels of 
species richness and endemism. To date, the scorpion fauna of 
Madagascar is composed of four families, 11 genera and 81 
species. On the basis of these comparisons several aspects can 
be noted. 

The scorpion fauna of the Loky-Manambato region 
holds all four of the scorpion families known from Madagas¬ 
car; the only other listed site with this level of family diversity 
is Montagne des Frangais. Among other well studied northern 
sites, the Loky-Manambato zone has a slightly lower measure 
of species richness than Ankarana and Montagne des 
Frangais. The Loky-Manambato fauna has the highest level of 
microendemism, just after Ankarana. 

Now examining these comparisons in a broader geo¬ 
graphical sense, species richness tends to be the highest in dry 
deciduous forests and spiny bush habitat, as compared to 
humid forest formations. Having in account that, the habitat 
diversity and surface area of the zone generally define as the 
southwestern region is notably greater than the other sites it is 
compared to, rendering the measures slightly asymmetric. The 
zone with the lowest level of microendemism is the spiny 
bush parcel of the PN d’Andohahela, which has four species, 
of which only one is a local endemic ( Tityobuthus bets chi). 
The other three taxa include Grosphus grandidieri, Opis¬ 
thacanthus lucienneae , and Pseudouroplectes pidgeoni , 
which are known from other areas in southern and southwest¬ 
ern Madagascar. In a similar manner, the fauna from the 
southwestern region shows not pronounced level of micro¬ 
endemism, as compared to most of the other sites, and our 
impression is that there is a greater level of exchange and 
dispersal in this zone than in dry forest zones in the north. 
This is particularly true for Ankarana, an isolated limestone 
massif that has a scorpion fauna that is 100% endemic. 

The distributions of scorpions across portions of the 
world are correlated with numerous ecological factors, inclu¬ 
ding climate (relative humidity and temperature), substratum 
(hardness and composition), and predator prey relations 
(Warburg & Ben-Horin, 1978; Bradley & Brody, 1984; Brad¬ 


ley, 1986; Prendini, 2005). It has been suggested that The 
nature of the substratum’ is probably the most important sin¬ 
gle factor that has and still determines the distribution of 
scorpions, which in turn is affected to a greater or lesser ex¬ 
tent by vegetation, which is partly the result of prevailing 
climatic conditions (Lamoral, 1978, p. 305 in Prendini, 2005). 
On the basis of soil samples collected in the different sur¬ 
veyed sites within the Loky-Manambato region, we are able 
to address aspects of these possible correlated factors for the 
first time concerning the Malagasy scorpion fauna. 

Comparisons of the physical aspects of soil composi¬ 
tion, as well as carbon and nitrogen content, with regards to 
the distribution of different scorpion taxa demonstrate various 
patterns. The only site that had more than two local species of 
scorpion was the Binara Massif, with sampling in two zones 
spanning the elevational gamut from 230 to 950 m. Three 
species were collected in the first zone ( Titybuthus da¬ 
rainensis, Microcharmus variegatus, and Heteroscorpion 
magnus ), from 230 to 610 m, and in the second zone a single 
taxon (T. darainensis ), from 720-950 m. The characteristics 
of the soils along this slope are notably homogenous with 
regards to composition (majority sand), organic material, and 
state of decomposition (Table I). Hence, the component that is 
variable within this system with regards to these factors is 
perhaps temperature associated with elevation. 

Certain local endemic taxa occur at sites with very dif¬ 
ferent soil types. Perhaps most notable in this regard is 
Microcharmus variegatus , a Microcharmidae, that tends to 
live in the upper level of the soil and associated litter 
(Lourengo et al. , 2006). Hence, it is not surprising that virtual¬ 
ly all of the specimens where obtained from leaf litter sam¬ 
ples. This species was collected at five of the eight sites that 
showed considerable differences in soil types, from having a 
preponderance of calcareous soils (Bekaraoka), more than 
50% of the soil composition of sand (Binara, Antsahabe, and 
Sahaka), to nearly equal percentages of these two elements 
(Ampondrabe). Further there was considerable variation in the 
organic content of the soil litter from being extremely low 
(Sahaka), to being well decomposed (Binara, Bekaraoka), to 
be poorly decomposed (Antsahabe, Ampondrabe). Hence, 
with regards to these different parameters of substratum type, 
this species seems to not be too specific. Heteroscorpion 
magnus also has considerable tolerance to sites with notably 
different soil composition and levels of organic material. In 
contrast to these two examples, Grosphus darainensis was 
recorded at a single site (Bobankora) where the substratum 
has a preponderance of calcareous elements and non- 
decomposed organic material. 

The synopsis presented here attests to the importance of 
the Loky-Manambato region with regards to its notable spe¬ 
cies diversity and, more importantly, levels of micro¬ 
endemism. Six scorpion species have been reported and des¬ 
cribed from Loky-Manambato, and all but one are endemic to 
this specific zone. 

To the north of the Loky-Manambato region are areas 
with exposed sedimentary rock and distinctly drier climates, 
although a few of these sites have habitats and biotic elements 
that are relictual of more mesic conditions in recent geological 
time. Just to the south of the Loky-Manambato region there is 
a band of humid forests known as the Northern Highlands that 
link the east and west coasts of Madagascar and pass across 
the mountainous regions of Marojejy, Anjanaharibe-Sud, 
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Tsaratanana, and Manongarivo; these different connections 
serve an important role in the colonization and speciation 
history of northern Malagasy scorpions. For example, ende¬ 
mic species of Microcharmus species have been recorded on 
most of these massifs, and other sites to the north with drier 
habitats (Lourengo et al ., 2006). Madagascar experienced 
notable vegetation shifts during the Quaternary that were 
associated with changes in climatic patterns (Bumey, 1997; 
Bumey etal., 2004); these vegetation changes were especially 
accentuated in montane regions. Given the geographic pro¬ 
ximity of this transitional zone to the Northern Highlands, 
more southerly lowland humid forests, and northern and 
western dry deciduous forests, we assume that the forests of 
the Loky-Manambato Region have served as an important 
zone of biotic exchange during different periods of climatic 
vicissitudes. As a result, the zone has a remarkable regional 
mixture of what are considered eastern and western faunistic 
and floristic elements, including several endemic scorpion 
species (Lourengo & Goodman, 2002,2006; Lourengo et al ., 
2003, 2004). 
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A Fig. 1-2. Grosphus darainensis , male holotype. Dorsal and ventral aspects. 
Fig. 13-14. Tityobuthus darainensis , male. Dorsal and ventral aspects. 


^ Fig. 3-5. Grosphus darainensis , male holotype. 3. Disposition of granulations on the dentate margins of the 
pedipalp-chela movable finger. 4. Metasomal segments IV-V and telson, lateral aspect. 5. Chelicera, dorsal 
aspect. Fig. 6-12. Grosphus goudoti, male holotype. 6. Metasomal segments III-V and telson, lateral aspect. 7. 
Chelicera, dorsal aspect. 8-12. Trichobothrial pattern. 8. Femur, dorsal aspect. 9-10. Chela, dorso-external and 
ventral aspects. 11-12. Patella, dorsal and external aspects. 
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▲ Fig. 15-20. Tityobuthus darainensis , male. 15. Disposition of granulations on the dentate margins of the pedipalp-chela movable finger. 16. 
Patella, dorsal aspect. 17. Femur, dorsal aspect. 18. Chelicera, dorsal aspect. 19-20. Metasomal segment V andtelson, lateral aspect (male and 
female). Fig. 21-23. Microcharmus variegatus , female. 21. Disposition of granulations on the dentate margins of the pedipalp-chela movable 
finger. 22. Sternum, genital operculum and pectines. 23. Metasomal segment V and telson, lateral aspect. 

► Fig. 24-25. Heteroscorpion magnus, male. Dorsal and ventral aspects. 

► Fig. 26-29. Opisthacanthus darainensis , dorsal and ventral aspects. 26-27. Male. 28-29. Female. 
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Fig. 30-31. Lateral eyes. 30. Two pairs, Heteroscorpion. 31. Three pairs, Opisthacanthus. Fig. 32-35. Heteroscorpion magnus , male. 32-33. 
Patella, dorsal and ventral aspects, showing trichobothria. 34. Hemispermatophore, external aspect. 35. Chelicera, dorsal aspect. Fig. 36-44. 
Opisthacanthus darainensis , male holotype and female paratype. 36. Chelicera, dorsal aspect (male). 37-38. Patella, dorsal and ventral as¬ 
pects, showing trichobothria (male). 39-40. Metasomal segment V and telson, lateral aspect (male & female). 41-42. Sternum and genital 
operculum (male & female). 43. Disposition of granulations on the dentate margins of the pedipalp-chela movable finger (male). 44. 
Hemispermatophore, external aspect. 
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